
烏溪鳥嘴潭攔河堰初步規劃

Preliminary Planning of Niaozueitan Weir in 

Wu River-Geological and Regional 

Groundwater Investigation of Weir Site 

96 12

MOEAWRA 0960078 



烏溪鳥嘴潭攔河堰初步規劃

Preliminary Planning of Niaozueitan Weir in 

Wu River-Geological and Regional 

Groundwater Investigation of Weir Site 

96 12



 I

目 錄 
目錄 .............................................................................................................. I 

表目錄 ........................................................................................................ V 

圖目錄 ......................................................................................................VII 

照片目錄 ................................................................................................... XI 

摘要 ..........................................................................................................XII 

Abstract ................................................................................................XXIII 

結論與建議 ...........................................................................................XXV 
 
第壹章 前言 .......................................................................................... 1-1 

一、 計畫緣起 ................................................................................. 1-1 

二、 計畫目的 ................................................................................. 1-1 

三、 工作項目與內容 ..................................................................... 1-1 

四、 工作範圍 ................................................................................. 1-2 

五、 工作構想與流程 ..................................................................... 1-2 

(一) 計畫基本資料 ..................................................................... 1-2 

(二) 工作構想與流程 ................................................................. 1-2 

第貳章 基本資料蒐集 .......................................................................... 2-1 

一、 地理位置 ................................................................................. 2-1 

二、 地形地貌 ................................................................................. 2-2 

三、 區域地質概況 ......................................................................... 2-3 

(一) 地層 ..................................................................................... 2-3 

(二) 地質構造 ............................................................................. 2-9 

四、 既有調查成果整理 ............................................................... 2-13 

(一) 鄰近計畫區域相關地質鑚探、試驗及試坑資料 ............ 2-13 

(二) 既有地下水調查成果整理................................................ 2-22 

五、 現況環境說明 ....................................................................... 2-24 



 II

第參章 工程地質探查 .......................................................................... 3-1 

一、 地質探查 ................................................................................. 3-1 

(一) 航照判釋與野外查核.......................................................... 3-1 

(二) 地表地質調查 ..................................................................... 3-6 

二、 地質鑽探與試驗 ..................................................................... 3-9 

(一) 地質鑽探孔位佈設位置...................................................... 3-9 

(二) 鑽探取樣與研判說明........................................................ 3-10 

(三) 鑽探結果與岩心判釋........................................................ 3-11 

(四) 孔內透水試驗結果 ........................................................... 3-16 

(五) 室內試驗結果 ................................................................... 3-17 

三、 地球物理探測 ....................................................................... 3-20 

(一) 折射震測 ........................................................................... 3-23 

(二) 2D地電阻影像探測........................................................... 3-38 

(三) 1D地電阻探測................................................................... 3-48 

(四) 地物結果綜合討論 ........................................................... 3-61 

四、 岩盤面高程及沖積層厚度分析 ........................................... 3-63 

五、 材料調查 ............................................................................... 3-65 

(一) 試坑開挖 ........................................................................... 3-65 

(二) 現地篩分析試驗 ............................................................... 3-66 

(三) 室內試驗 ........................................................................... 3-69 

(四) 工程材料評估 ................................................................... 3-72 

六、 工程地質圖繪製 ................................................................... 3-75 

(一) 堰址 ................................................................................... 3-75 

(二) 人工湖 ............................................................................... 3-78 

七、 工程地質評估 ....................................................................... 3-83 

(一) 工程地質綜合說明 ........................................................... 3-83 



 III

(二) 工程設計參數評估 ........................................................... 3-85 

(三) 堰址承載力評估 ............................................................... 3-89 

(四) 隘寮斷層調查綜合說明.................................................... 3-90 

第肆章 區域地下水調查 ...................................................................... 4-1 

一、 地下水觀測井、抽水井與抽試井佈設 ................................. 4-1 

(一) 佈設原則 ............................................................................. 4-2 

(二) 佈設位置 ............................................................................. 4-2 

(三) 施作方式 ............................................................................. 4-4 

二、 地下水位觀測 ......................................................................... 4-8 

(一) 定期水位觀測 ..................................................................... 4-8 

(二) 降雨期間水位觀測 ............................................................. 4-9 

三、 抽水試驗工作內容 ............................................................... 4-15 

(一) 抽水井與抽試井位置........................................................ 4-15 

(二) 現場抽水試驗 ................................................................... 4-17 

(三) 抽水試驗分析原理 ........................................................... 4-20 

(四) 抽水試驗計算結果 ........................................................... 4-22 

四、 區域地下水評估 ................................................................... 4-27 

 

參考文獻 
 
附錄一 報告審查意見研辦與說明 

附錄二 地質鑽探成果 
附件 A 鑽探岩心照片 
附件 B 鑽孔柱狀圖 

附錄三 現場孔內透水試驗附件 
附件 A 岩盤透水試驗原理、儀器及方法 
附件 B 岩盤透水試驗報表 

 



 IV

附錄四 岩石力學試驗附件 
附件 A 岩石一般物理性質試驗 
附件 B 岩石單軸壓縮強度 

附錄五 1D地電阻試驗成果 

附錄六 試坑開挖附件 
附件 A 試坑開挖記錄表 
附件 B 試坑開挖材料試驗方法 
附件 C 試坑開挖材料試驗成果表 

附錄七 地下水位觀測井建置與抽水試驗 
附件 A 土壤取樣紀錄表 
附件 B 觀測井與抽水井剖面構造圖 
附件 C 現場施工照片 



 V

表 目 錄 
表 1-1 本計畫擬定之工作項目與內容 ................................................... 1-5 

表 2-1 與調查區相關之基本圖幅 ........................................................... 2-1 

表 2-2 相關文獻鑽孔位置..................................................................... 2-14 

表 2-3 計畫區域鄰近鑚孔相關岩石試驗數量統計表 ......................... 2-17 

表 2-4 一般物理性質試驗分析成果 ..................................................... 2-17 

表 2-5 鑽孔單軸壓縮試驗分析成果 ..................................................... 2-18 

表 2-6 鑽孔直接剪力試驗分析成果 ..................................................... 2-19 

表 2-7 鑽孔點荷重試驗分析成果 ......................................................... 2-19 

表 2-8 試坑材料試驗成果表................................................................. 2-20 

表 2-9 國道六號 3k+000~11k+500簡化地層地工參數表 ................... 2-21 

表 2-10 鄰近地區及國道六號(11K+540)礫石層力學參數.................. 2-21 

表 2-11 地下水觀測井資訊 ................................................................... 2-22 

表 2-12 地下水位高程觀測資料(國道新建工程局，民國 88 年)....... 2-23 

表 3-1 本計畫工程地質探查數量統計表 ............................................... 3-1 

表 3-2 本計畫工程地質探查鑽探工作一覽表 ..................................... 3-11 

表 3-3 本計畫鑽探地層概況................................................................. 3-14 

表 3-4 孔內透水試驗數量統計表 ......................................................... 3-16 

表 3-5 Lugeon試驗結果一覽表............................................................. 3-17 

表 3-6 室內試驗數量統計表................................................................. 3-18 

表 3-7 岩石物理性質試驗結果 ............................................................. 3-18 

表 3-8 岩石單軸壓縮強度試驗結果 ..................................................... 3-19 

表 3-9 國際岩石力學學會單壓強度分級表 ......................................... 3-20 

表 3-10 折射震測測線佈置位置表 ....................................................... 3-30 

表 3-11 電極排列方式特性比較表 ....................................................... 3-39 

表 3-12 地電阻測線施測參數 ............................................................... 3-41 



 VI

表 3-13 1D地電阻測線施測位置 .......................................................... 3-49 

表 3-14 1D地電阻探測地下水位面與岩盤高程輔助調查結果 .......... 3-63 

表 3-15 試坑位置表............................................................................... 3-66 

表 3-16 比重及吸水率試驗成果 ........................................................... 3-69 

表 3-17 單軸抗壓強度試驗成果表 ....................................................... 3-70 

表 3-18 洛杉磯磨損試驗成果表 ........................................................... 3-71 

表 3-19 健性試驗及鹼性反應試驗成果表 ........................................... 3-71 

表 3-20 人工湖砂石品質評估表 ........................................................... 3-72 

表 3-21 骨材開採量估算表(以開挖至平均岩盤面深度計算)............. 3-74 

表 3-22 國道六號 3k+000~11k+500簡化地層地工參數表 ................. 3-86 

表 3-23 調查區域-工程參數簡化表...................................................... 3-86 

表 3-24 本計畫岩力試驗成果表 ........................................................... 3-87 

表 3-25 文獻鑽孔岩層性質簡化表 ....................................................... 3-87 

表 3-26 計畫區岩力試驗整合表(含文獻及本計畫成果) .................... 3-88 

表 4-1 地下水位觀測井、抽水井與觀測井施作深度統計表 ............... 4-1 

表 4-2 地下水觀測井工作一覽表 ........................................................... 4-6 

表 4-3 本計畫水位觀測井地層概況 ....................................................... 4-7 

表 4-4 地下水觀測井濾管埋設深度 ....................................................... 4-8 

表 4-5 地下水位觀測井觀測資料 ......................................................... 4-10 

表 4-6 人工湖區地下水位高程分佈 ..................................................... 4-11 

表 4-7 地下水流速計算成果表 ............................................................. 4-11 

表 4-8 降雨期間地下水位觀測資料 ..................................................... 4-14 

表 4-9 新建置抽水井、觀測井基本資料 ............................................. 4-17 

表 4-10 抽水試驗分析結果(Cooper-Jacob) .......................................... 4-24 



 VII

圖 目 錄 
圖 1-1 本計畫工作範圍........................................................................... 1-3 

圖 1-2 計畫人工湖區初步佈置 ............................................................... 1-4 

圖 1-3 工作執行流程圖........................................................................... 1-4 

圖 1-4 本計畫調查位置圖....................................................................... 1-6 

圖 2-1 計畫區域地理位置....................................................................... 2-4 

圖 2-2 計畫區域地形圖........................................................................... 2-5 

圖 2-3 區域地質圖................................................................................... 2-8 

圖 2-4 主要弱面平面投影圖................................................................. 2-11 

圖 2-5 計畫區附近活動斷層分佈圖 ..................................................... 2-12 

圖 2-6 臺灣活動斷層分布圖-車籠埔斷層(2000 年) ............................ 2-12 

圖 2-7 隘寮地區地層構造示意圖 ......................................................... 2-13 

圖 2-8 文獻鑽孔資料位置圖................................................................. 2-16 

圖 2-9 地下水觀測井位置圖................................................................. 2-22 

圖 2-10 地下水位高程變化................................................................... 2-23 

圖 2-11 現場狀況説明圖 ....................................................................... 2-25 

圖 3-1 航照判釋成果圖........................................................................... 3-4 

圖 3-2 兩萬五千分之一區域地質圖 ....................................................... 3-7 

圖 3-3 工程地質探查位置圖................................................................. 3-12 

圖 3-4 調查區鑽孔柵狀示意圖 ............................................................. 3-15 

圖 3-5 折射震測測線位置正射影像圖 ................................................. 3-22 

圖 3-6 地電阻測線位置正射影像圖 ..................................................... 3-22 

圖 3-7  1D地電阻測線位置正射影像圖 ............................................... 3-23 

圖 3-8 折射波震測原理示意圖 ............................................................. 3-24 

圖 3-9 折射震測試驗用儀器................................................................. 3-25 

圖 3-10 折射法震源及受波器示意圖 ................................................... 3-27 



 VIII

圖 3-11 初達波走時曲線挑選 ............................................................... 3-28 

圖 3-12 折射震測走時震測影像分析原理 ........................................... 3-29 

圖 3-13 二維地層波速剖面................................................................... 3-29 

圖 3-14 折射震測LD-1及LD-2測線現場環境 .................................... 3-31 

圖 3-15 折射震測LN、LC及LS測線現場環境 .................................... 3-33 

圖 3-16 折射震測LD-1測線P波波速剖面 ........................................... 3-35 

圖 3-17 折射震測LD-2測線P波波速剖面 ........................................... 3-35 

圖 3-18 計畫堰址折射震測 3D呈現 ..................................................... 3-35 

圖 3-19 折射震測LN測線P波波速剖面 ............................................... 3-37 

圖 3-20 折射震測LC測線P波波速剖面................................................ 3-37 

圖 3-21 折射震測LS測線P波波速剖面 ................................................ 3-37 

圖 3-22 地電阻影像探測的各種排列方式 ........................................... 3-39 

圖 3-23 地電阻影像探測施測示意圖 ................................................... 3-41 

圖 3-24 地電阻現場環境與施測情況 ................................................... 3-42 

圖 3-25 測線ELD地電阻剖面(Wenner) ................................................ 3-45 

圖 3-26 測線ELD地電阻剖面(Wenner-Schlumberger)......................... 3-45 

圖 3-27 測線ELN-E地電阻剖面(Wenner) ............................................ 3-46 

圖 3-28 測線ELN-E 地電阻剖面(Pole-Pole) ........................................ 3-46 

圖 3-29 測線ELN-W地電阻剖面(Pole-Pole) ........................................ 3-46 

圖 3-30 測線ELC地電阻剖面(Wenner) ................................................ 3-47 

圖 3-31 測線ELC地電阻剖面(Pole-Dipole) ......................................... 3-47 

圖 3-32 測線ELC地電阻剖面(Pole-Pole) ............................................. 3-47 

圖 3-33 1D地電阻現場環境與施測情況 .............................................. 3-49 

圖 3-34 VES-01測線地層剖面 ............................................................. 3-53 

圖 3-35 VES-02測線地層剖面 ............................................................. 3-53 

圖 3-36 VES-03測線地層剖面 ............................................................. 3-53 



 IX

圖 3-37 VES-04測線地層剖面 ............................................................. 3-53 

圖 3-38 VES-05測線地層剖面 ............................................................. 3-57 

圖 3-39 VES-06測線地層剖面 ............................................................. 3-57 

圖 3-40 VES-07測線地層剖面 ............................................................. 3-57 

圖 3-41 VES-08測線地層剖面 ............................................................. 3-57 

圖 3-42 VES-09測線地層剖面 ............................................................. 3-60 

圖 3-43 VES-10測線地層剖面 ............................................................. 3-60 

圖 3-44 VES-11測線地層剖面 ............................................................. 3-60 

圖 3-45 VES-12測線地層剖面 ............................................................. 3-60 

圖 3-46 岩盤面等高程圖....................................................................... 3-64 

圖 3-47 沖積層等厚度圖....................................................................... 3-64 

圖 3-48 DT-96-01 粒徑分佈曲線圖 ...................................................... 3-67 

圖 3-49 DT-96-02 粒徑分佈曲線圖 ...................................................... 3-68 

圖 3-50 DT-96-03 粒徑分佈曲線圖 ...................................................... 3-68 

圖 3-51 DT-96-04 粒徑分佈曲線圖 ...................................................... 3-68 

圖 3-52 鳥嘴潭攔河堰堰址工程地質圖 ............................................... 3-76 

圖 3-53 鳥嘴潭攔河堰堰址工程地質剖面圖 ....................................... 3-77 

圖 3-54 計畫人工湖區剖面線位置 ....................................................... 3-80 

圖 3-55 人工湖地質剖面圖A-A’及B-B’ ............................................... 3-81 

圖 3-56 人工湖地質剖面圖C-C’及D-D’ .............................................. 3-82 

圖 3-57 人工湖各區剖面示意圖 ........................................................... 3-85 

圖 3-58 計畫區隘寮斷層構造示意圖 ................................................... 3-92 

圖 4-1 地下水觀測井與抽水井佈位置圖 ............................................... 4-3 

圖 4-2 地下水位面等高程圖................................................................. 4-12 

圖 4-3 地下水含水層等厚度圖 ............................................................. 4-12 

圖 4-4 降雨期間地下水位高程變化圖 ................................................. 4-13 



 X

圖 4-5 DP-96-01抽水井及觀測井現場設置點示意圖......................... 4-16 

圖 4-6 DP-96-05抽水井及觀測井現場設置點示意圖......................... 4-16 

圖 4-7 現場抽水試驗工作流程 ............................................................. 4-19 

圖 4-8 分級試水之時間-洩降曲線圖.................................................... 4-23 

圖 4-9 定量抽水試驗之時間-洩降曲線 ............................................... 4-24 

圖 4-10 回升抽水試驗之時間-洩降曲線 ............................................. 4-25 

圖 4-11 Cooper-Jacob Time-Distance-Drawdown method分析結果

（DP-96-01） ....................................................................................... 4-25 

圖 4-12 Cooper-Jacob Time-Distance-Drawdown method分析結果

（DP-96-02） ....................................................................................... 4-26 

圖 4-13 Cooper-Jacob Time-Distance-Drawdown method分析結果

（DP-96-03） ....................................................................................... 4-26 

圖 4-14 Cooper-Jacob Time-Distance-Drawdown method分析結果

（DP-96-04） ....................................................................................... 4-27 



 XI

照 片 目 錄 
照片 3-1 西側人工湖南方高位階地崖坡天然湧泉 ............................... 3-5 

照片 3-2 垃圾場旁堤防道路南側受隘寮斷層西側抬昇影響產生高

差 ............................................................................................................. 3-5 

照片 3-3 調查區附近烏溪北側卓蘭層砂頁岩互層露頭 ....................... 3-8 

照片 3-4 照片 3-3東側烏溪右岸露頭，岩性為砂頁岩互層夾砂岩

層 ............................................................................................................. 3-8 

照片 3-5 試坑開挖前............................................................................. 3-67 

照片 3-6 試坑開挖後............................................................................. 3-67 

照片 3-7 現場篩分析............................................................................. 3-67 

照片 3-8 試坑回填後............................................................................. 3-67 

照片 3-9 烏溪右岸堰軸處南側岩層露頭 ............................................. 3-78 



XII

94 10 25

0940004270

95

96

110

( )



XIII

( )

( )

2 1

N(10 -20 )E/(15 -45 )SE

4 1

N(10 -30 )E/(23 -26 )E

10

( )

DH-96-01 DH-96-06 6 20

120 - 1

8 Lugeon 1.2~1.45

Lugeon 0.9~1.7



XIV

- 1 

0~7.5

7.5~10.9

10.9~20.0

0~8.0

8.0~17.9

17.9~20.0

0~6.6

6.6~8.0

8.0~11.5

11.5~13.2 (Oyster)

13.2~20.0

0~6

6.0~7.8

7.8~16.4

16.4~20.0
(bioturbation)

0~9.8

9.8~20
b=10

0~9.6

9.6~12.45

12.45~13.6
13.6~15.3
15.3~17.3
17.3~20

DH-96-01 20 7.5

DH-96-02 20 8

DH-96-03 20 6.6

DH-96-04 20 6

DH-96-05 20 9.8

DH-96-06 20 9.6

( )

1

11



XV

(ISRM 1981)

2.08~2.45 /

2.66~2.69 3.7~9.6% 0.14~0.37

5.4~6.1%

2

11

(ISRM 1981) - 2

3.9~113.4 /

(ISRM 1981) 250 /

- 2 
單位重 含水量 比重 孔隙比 吸水率 單壓強度

t Wn Gs e Abs qu

(t/m3) (%) (%) (kg/cm2)

2.08~2.45 3.8~6.8 2.66~2.69 0.14~0.37 6.1~ 3.6~66.0 DH-96-01
DH-96-02

2.14~2.45 3.7~9.6 2.66~2.69 0.16~0.29 5.4~ 16.8~113.4

DH-96-03
DH-96-04
DH-96-05
DH-96-06

( )

2D

1D

1

1500 /

7~10 LD-2



XVI

2

LN LC

ELN-E ELN-W ELC

pole-pole 20-40

921

3

1D

- 3

- 3 1D
VES-01 VES-02 VES-03 VES-04 VES-05 VES-06

( ) 111.2 118.2 120.2 125.2 116.6 121.3 

( ) 106.8* 116.3* --- 120.5 113.8 --- 

VES-07 VES-08 VES-09 VES-10 VES-11 VES-12

( ) 121.2 110.6 108.5 112.3 --- --- 

( ) 119.1** --- 102.5** 104.7** --- --- 

* ** ---

( )

1/5,000
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3~4
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3 1
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1,192~1,971 kg/cm2 >500kg/cm2
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(m) 
t

(t/m3)
E

(104t/m3) N qu
(t/m2)

c
(t/m2) (deg) 

8-14 (*1)1
6-10 (*2)

GW 2.1 1.8 >50 - 4 35 

2 - ss/sh-
ss 2.35 - - 200 0 26 

*1 *2
95

3

c 4 / 35

- (

- 5) qu=200 / =26 102.4

/

4
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4

( )

1 6 (DP-

96-01) 3 2 (DP-96-02 DP-96-03 DP-

96-04) DP-96-01

0.17 / (10 / ) 0.25

/ (15 / ) 0.33 / (20 /

) 0.416 / (25 / )

0.33 / (20

/ ) 72

1

0.333 / (20

/ )

5)

0.0903 /

2

Cooper-Jacob
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- 6 

Cooper-Jacob Unconfined 4.22m
T(m2/min) K(cm/sec) S 

DP-96-01 1.07 0.297222 ------- 
DP-96-02 3.247 0.901944 0.0188 
DP-96-03 3.844 1.067778 0.1691 
DP-96-04 2.875 0.798611 0.1524 

( )

( ) ( )

( ) ( )

3 10

( ) (DW-96-06)

107.19 DH-96-03 DH-96-04

113.69 109.68

DH-96-

03 DH-96-04
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A b s t r a c t  
According to the “Preliminary Planning for Relocation of the Damsite 

of Jianmin Reservoir” in 2006 year, to evaluate preliminary planning of 

Niaozueitan weir in Wu River and estimate the best weir site for water 

resource from middle to up-stream in Wu River. It is expected that the 

develpoement of the new water resources system in Wu River will 

compensate for the shortage of water supply caused by suspension in 

building Jiammin reservoir. To fulfill the water requirement of the Nantu 

and Changhui area in 2021 year. In order to achive the goal, to carry on 

geological and regional ground water investigation related work of 

Niaozueitan weir in Wu River. The investigation result provides the 

following plan quotation. 

Using aerial photograph interpretation, site investigation, geological 

borehole, geophysical survey, trial pit and laboratory test methods to carry 

on the geological investigation. The results of investigation reveal that 

alluvium is composed of gravel, sand and silty, thickness amounts to 8-14 

meters. Under the alluivum is pleistocene Toukoshan Formation or 

pliocene Cholan Formation, rock characteristic is mainly the composed of 

interbedded sandstone and shale with thick-bedded sandstone stratum. 

Bedding plane orientations is rughly N(10 -30 )E/(15 -45 )SE. Ailiao 

fault created some places surfacial lines of fracture through artificial lake 

zone 4, it is evaluated a fracture zone according to the results of ERT 

survey, aerial photograph interpretation, site investigation. The sandstone 

uniaxial compressive strength is between 3.9 to 113.4 kg/cm2, the unit 

weight is between 2.08 to 2.45 t/m3 and the sandstone had the 

disintegration phenomenon after the absorbing water. The gravel stratum 

mining quantity preliminary estimate approximately has 9.46 million cubic 



XXIV

meters. According to the investigation results, the earlier period 

investigation and the National Expressway No.6 collected literature, 

engineering geological parameters were summarized. 

The artificial lake zone 1 and zone 2 groundwater flow from southeast 

to northwest. The artificial lake zone 3 and 4 zone are affected by the 

higher terrace, the direction of groundwater flow from the south to 

northwest. The groundwater leve are difference of about 3 to 10 metetrs in 

each artificial lake. If the weir will be built in the future, groundwater leve 

is still likely to be the impacted by Wu River stream. 

Based on the current water level data (the wet period), garbage burial 

site (DW-96-06) is 107.19 meters and the artificial lake (DH-96-03, DH-

96-04) is 113.69 and 109.68 meters respectively. Through the analysis of 

groundwater flow preliminarily, the groundwater flows slowly from 

artificial to garbage burial site. Because the groundwater level was 

observated in the short period and without garbage burial site water quality. 

It is recommanded to continuously obesrve groundwater level and monitor 

water quality at last for more than one year and contaminant analysis in 

order to understand effectively the impact of sewage and pollutants in the 

vicinity of the garbage burial site on artificial lake.
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2-1

 2-1 

(1/25,000)
9521-III SE 9520-IV NE 

(1/5,000)

9521-3-098 9521-3-099
9521-3-100 9520-4-008
9520-4-009 9520-4-010

9521-3-098 9521-3-099
9521-3-100 9520-4-008
9520-4-009 9520-4-010

95R045_092 093 132
133 134 135

(1/50,000)

( )

119.13 2,025.6

1/92

 2-1
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14

1/5,000
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24

4 1 145
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(8K+400~8K+890)

135 380

(4K+440~8K+000) 110 135

1/120

115 135
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5.4

- (  2-3)

921
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( )

1 (Cl)
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2-8

 2-3 



2-9
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(2001) -

( )

550 5K+495

1

50

Meng, 1963 1957
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warping

Lee, 1949; Pan, 1967; Chang, 1971

40

 (2001) 2

~3 5 6

2K+905
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)

(1985)
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2-11

Tk

(1999)

(1951)

25 45

( 1999
)

 2-4 



2-12

 6 - 6.3km
         26 5.4km 

( )

 2-5 

 2-6 - (2000 )



2-13

( - - ( ) )

 2-7 

(2006 ) -

-

 2-2

( )

1 ( 95 ) DH-95-05

DH-95-05  2-8 20

143.0 138.3

13.9 13.90

2 ( 85 88 90 )



2-14

85 88 90

4K~9K

 2-2 

E(m) N(m) (m) (m) (m) (m)
PA-3 223371.3 2654617.9 143.12 30.00 13.80 129.32

BB-9-3 224023.5 2654656.3 144.79 25.11 8.60 136.19
DB-8-1 223453.8 2654769.0 139.12 30.00 7.90 131.22
DB-8-2 223740.0 2654618.0 142.21 30.00 7.70 134.51

DH-95-05 223250.6 2654873.7 138.30 25.00 13.90 124.40
S-9-1 223344.0 2654748.8
PA-2 219828.8 2655935.1 106.37 30.00 8.30 98.07

BB-4-3 219458.8 2656090.6 105.05 25.03 10.00 95.05
BB-8-1 222969.0 2655112.2 133.31 20.00 9.00 124.31
BE-5-1 220415.7 2656096.5 112.42 20.03 8.00 104.42
BE-6-2 221544.1 2656049.1 120.28 20.04 7.00 113.28
BE-7-1 222048.2 2655857.8 124.79 20.00 9.00 115.79
DC-6-1 221655.4 2655828.7 120.48 25.00 6.10 114.38
DC-6-2 221831.8 2655735.3 122.02 25.00 6.30 115.72
DC-6-3 221920.6 2655767.1 123.22 25.00 7.50 115.72
S-4-1 219348.9 2656228.0

( 85 88 90 95 )

85

PA-2 PA-3 30

106.3 143.1 ( 88

) 1 BB-9-3

1 S-9-1 BB-4-3

BE-5-1 BE-6-2 BE-7-1 BB-8-1 5 S-4-1

1 ( 90 )



2-15

DB-8-1 DB-8-2 3

DC-6-1 DC-6-2 DC-6-3

2-8

6.10 13.8

(GW-GM)

3

4  2-3

BB-9-3 DB-8-2 DC-6-3

(1)

(  2-4 )

2.66~2.72 2.31 / ~2.64 /

2.66~2.70

2.23 / ~2.46 /

2.70~2.72 2.36 / ~2.44 /

( )



2-16

( 85 88 90 95 )

 2-8 

( 88 )

( 90 )

( 88 ) ( 88 ) ( 88 )

( 88 )

( 88 )

( 88 )

( 85 )

( 85 )

( 90 ) ( 90 )

( 90 )

( 90 )

( 88 )

( 95 )



2-17

 2-3 

PA-3 1 1 - -
BB-9-3 - - - -
DB-8-1 2 2 1 -
DB-8-2 2 2 1 -

DH-95-05 1 3 - -
PA-2 1 1 - 1

BB-4-3 1 1 - 1
BB-8-1 1 1 - 1
BE-5-1 1 1 - 1
BE-6-2 1 1 - 1
BE-7-1 1 1 - 1
DC-6-1 2 1 1 -
DC-6-2 2 1 1 -
DC-6-3 2 1 - -

’-’
( 85 88 90 95 )

 2-4 

(m)  (t/m3) (%)
PA-03 27.75~27.78 2.31 5.2 2.72 -

11.8~12 2.36 8.96 2.67 0.233
23.9~24 2.32 8.16 2.7 0.259
17~17.2 2.31 8.86 2.67 0.258

26.1~26.2 2.34 10.3 2.66 0.254

DH-96-05 18.0~18.30 2.64 1.7 2.69 0.04

PA-02 12.3~12.4 2.4 5.7 2.67 -
BB-4-3 24.12~24.27 2.44 5.25 2.71 0.168 24hr
BB-8-1 9.8~10 2.46 1.9 2.72 0.126 24hr
BE-5-1 9.43~9.58 2.43 4.8 2.75 0.186 24hr
BE-6-2 13.8~14 2.3 3.91 2.72 0.228 7.22
BE-7-1 14.8~15 2.6 2.1 2.68 0.052 5.34

12.2~12.35 2.39 5.25 2.66 0.171
20.85~21 2.23 5.23 2.67 0.26

12.2~12.35 2.42 7.06 2.72 0.203
23.15~23.28 2.44 4.78 2.72 0.168

9~9.1 2.4 7.07 2.7 0.205
24.25~24.38 2.36 7.7 2.72 0.241

(%)

DB-8-1

DB-8-2

DC-6-3

DC-6-1

DC-6-2

’-’
( 85 88 90 95 )



2-18

(2)

 2-5

2.58 / ~60.5 /

(Very Weak Rock) (Weak Rock)

1.1 / ~19.5

/ (Extremely Weak Rock)

(Very Weak Rock)

 2-5 

(m) (t/m3) (%) (kg/cm2) (%)

PA-03 27.65~27.75 2.31 5.2 37.8 2

18.8~19 2.44 7.5 25.9 2.7

23.35~23.5 2.22 10.5 33.1 3.7

16.8~17 2.35 8.2 60.5 3

25.8~26 2.34 7.7 12.5 3.9

15.5~15.8 - - 2.85 -

17~17.3 - - 7.49 -

18~18.3 2.64 1.7 51.85 -

PA-02 12.45~12.6 2.4 5.7 6.8 1

BB-4-3 20.32~20.42 2.33 3.4 11.7 1.4

BB-8-1 12.89~12.99 2.43 5.1 14.2 1.6

BE-5-1 10.8~10.9 2.17 5.6 1.1 1.1

BE-6-2 8.85~8.95 2.22 11.4 6.8 2.7

BE-7-1 14.25~14.35 2.36 8.1 4.6 2.5

DC-6-1 8.4~8.6 2.29 9.9 3.8 7.8

DC-6-2 8~8.15 2.19 11.9 19.5 2.5

DB-8-1

DB-8-2

DH-96-05

’-’
( 85 88 90 95 )



2-19

(3)

 2-6

26 ~28
 2-6 

(m) (kg/cm2)

DB-8-1 19.7~20 0 26.5

DB-8-2 20.05~20.3 0 28

DC-6-1 15.5~15.8 0 26

DC-6-2 18.55~18.8 0 26.5

( 90 )

(4)

 2-7

Is(50) 0.18 / ~2.3 /

4.3 / ~55 /

 2-7 

(m) Is(50)(kg/cm2) (kg/cm2)
PA-02 26.5~26.8 2.3 55
BB-4-3 14.75~14.85 0.78 18.7
BB-8-1 21.71~21.81 0.9 21.6
BE-5-1 17.3~17.4 0.78 18.7
BE-6-2 11.02~11.12 1.64 39.4
BE-7-1 10.26~10.36 0.18 4.3

( 85 88 )



2-20

4

2 (S-4-1 S-9-1)

 2-8

GW-GM 2.65

3.2%~5%

 2-8 

GW-GM GW-GM
2.65 2.65

5 3.2
1.98 1.98
5.4 5.6
45.6 26.6
0.08 0.07
34.3 35.1
1.54 -
0.04 0.05
34.9 35.2

’-’
( 90 )

5 3K+000~11K+500

(2001 )

3K+000~11K+500

(  2-9 )

(11K+540)
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(  2-10 )

 2-9 3k+000~11k+500

(m) 
t

(t/m3)
E

(104t/m3) N qu
(kg/cm2)

cr/cp
(t/m2)

r/ p

(deg) 

1 0-8 GM 2.1 1.8 >50 - 4 35 

2 8-20 SH
(SHs) 2.6 - - 200 0/-*

0/100
22/-*

35/40

3 20-25 SS 2.5 - - 1,200 0/-*

150/275
24/-*

40/40
’*’

(2001 )

 2-10 (11K+540)

t(t/m
3)

(2001 )
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( )

-

BB-2-1 BB-

3-3 BE-6-2 BB-10-2 4

 2-9  2-11  2-12

 2-10

 2-11 
(TWD67)

E(m) N(m) (m) (m) 
BB-2-1 217441 2657164 85.43 25.00 
BB-3-3 218702 2656463 99.50 25.00 
BE-6-2 221544 2656049 120.28 20.04 

BB-10-2 224609 2653788 155.48 25.06 
( 88 )

( 88 )

 2-9 
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 2-12 ( 88 )

( 88 )

( 88 )

 2-10 



2-24

 2-11

6

7

(4K+440~8K+000)



2-252-11  
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 3-1

 3-1 

 1  1

 4 120  6 120

 8  8
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 10  11

 4 ( 2m*2m*2m) 4

2D  800 ( 4 ) 4 940

1D  12  12

 600  1,005

( )

stereoscope

95 11 10 10

95R045 092 093 132 133 134
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3-1)

(  3-1)
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 3-1)

TWD 67(E220555,N2655057)

 3-1

 3-2

1



3-3

 3-2



3-4

 3-1 



3-5

 3-1 

 3-2 

1

TWD67(220555,2655057)

TWD67(220559,2656218)
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( )

 3-2

(  3-3)

2 1

4 1(  3-4)
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3-7

 3-2 
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 3-3 

 3-4 3-3

TWD67(221750,2656650) 

TWD67(220559,2656550) 
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6 120 2 2

2

(Wireline Coring) (NQ size)

(Lugeon Test)

( )

5~12 2~5

 (  3-2

 3-3)

1

2D

( )

( ) 2

DH-96-01 DH-96-02 20



3-10

 3-2  3-3

2

DH-96-03 DH-96-04

20

 3-2

 3-3

3

( )

2D

3-2  3-3

( )

(RQD)

DH-96-01 DH-96-02

2



3-11

4

( )

 3-3

 3-4

6~9.8

1.2~4.9

 3-2 
(TWD67)

E(m) N(m) Z(m) (m) 

DH-96-01 223333 2655065 134.7 20m

DH-96-02 223251 2655002 132.6 20m

DH-96-03 221078 2655625 117.1 20m

DH-96-04 220291 2655731 111.1 20m

DH-96-05 220797 2656229 113.1 20m

DH-96-06 220724 2656229 112.5 20m



3-12

 3-3 



 3-13

DH-96-01 20

0~7.5 7.5~10.9

10.9~20.0

DH-96-02 20

0~8.0 8.0~17.9

17.9~20.0

DH-96-03 20

0~6.6 6.6~8.0

8.0~11.5 11.5~13.2

13.2~20.0

DH-96-04 20 0~6

6.0~7.8 7.8~16.4

16.4~20.0

DH-96-05 20

0~9.8 9.8~20

b=10

DH-96-06 20

0~9.6 9.6~12.45

12.45~13.6

13.6~15.3 15.3~17.3

17.3~20.0



 3-14

 3-3 

NO. (m) (m) 
(m) 

0~7.5

7.5~10.9DH-96-01 20 7.5 

10.9~20.0
0~8.0

8.0~17.9DH-96-02 20 8.0 

17.9~20.0
0~6.6

6.6~8.0
8.0~11.5 

11.5~13.2 (Oyster)
DH-96-03 20 6.6 

13.2~20.0

0~6
6.0~7.8

7.8~16.4DH-96-04 20 6 

16.4~20.0
(bioturbation)

0~9.8
DH-96-05 20 9.8 

9.8~20
b=10

0~9.6
9.6~12.45
12.45~13.6
13.6~15.3
15.3~17.3

DH-96-06 20 9.6 

17.3~20



3-15

 3-4 



 3-16

( )

1

8

 3-4 DH-96-01 DH-96-02

5 3

DH-96-03

2 DH-96-05

DH-96-06 3

 3-4 

DH-96-01 2 
DH-96-02 1 
DH-96-03 2 
DH-96-05 1 

8

DH-96-06 2 

8

2

Lugeon

A

B 8

DH-96-01 DH-96-02 3

 3-5

(1) DH-96-01 DH-96-02

DH-96-01 DH-96-02



 3-17

Lugeon 1.2~1.45

(2)

DH-96-03 DH-96-05

DH-96-06 Lugeon 0.9~1.7
 3-5 Lugeon

(m) RQD (Lugeon) (cm/s) 

1 8.0~9.0 75 1.35 1.35 10-5

2
DH-96-01

13.0~14.0 88 1.2 1.2 10-5

3 DH-96-02 11.0~12.0 98 1.45 1.45 10-5

4 14.0~15.0 88 1.7 1.7 10-5

5
DH-96-03

19.0~20.0 55 1.2 1.2 10-5

6 DH-96-05 17.0~18.0 97 1.2 1.2 10-5

7 10.0~11.0 81 1.3 1.3 10-5

8
DH-96-06

15.0~16.0 80 0.9 9 10-6

1 Lugeo

( )

3-6 ( )

1

(ISRM 1981)



 3-18

11

 3-7

2.08~2.45 / 2.66~2.69

3.7~9.6% 0.14~0.37

5.4~6.1%

 3-6 

DH-96-01 3 
DH-96-02 3 
DH-96-03 2 
DH-96-04 2 

 10

DH-96-05 1 

11 

DH-96-01 3 
DH-96-02 3 
DH-96-03 2 
DH-96-04 2 

 10  10

DH-96-05 1 

11 

 3-7 
深度 單位重 含水量 比重 孔隙比 吸水率

γt Wn Gs e Abs
(m) (t/m3) (%) (%)

RPP-1 DH96-01 S-1 9.70-9.75 2.18 3.9 2.66 0.27 6.1 砂岩

RPP-2 DH96-01 S-2 13.75-13.80 2.33 6.1 2.66 0.21 泡水後崩解 砂岩

RPP-3 DH96-01 S-3 19.00-19.05 2.08 6.8 2.67 0.37 泡水後崩解 砂岩

RPP-4 DH96-02 S-4 9.60-9.65 2.19 5.9 2.68 0.3 泡水後崩解 砂岩

RPP-5 DH96-02 S-5 16.15-16.20 2.45 4.2 2.67 0.14 泡水後崩解 砂岩

RPP-6 DH96-02 S-6 19.15-19.20 2.17 3.8 2.69 0.28 泡水後崩解 砂岩

RPP-7 DH96-03 S-7 11.10-11.15 2.4 3.8 2.69 0.17 泡水後崩解 砂岩

RPP-8 DH96-03 S-8 16.20-16.25 2.29 9.6 2.66 0.28 泡水後崩解 砂岩

RPP-9 DH96-04 S-9 6.20-6.25 2.29 4 2.69 0.22 5.6 砂岩

RPP-10 DH96-04 S-10 15.05-15.10 2.14 3.7 2.66 0.29 5.4 砂岩

RPP-11 DH96-05 S-11 15.75-15.80 2.45 6 2.69 0.16 泡水後崩解 砂岩

試驗編號 孔號 樣號 岩性
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2

2.5~3.0

ELE 50

0.5~1.0 Mpa/sec 5~10

(ISRM 1981) 11

 3-8

 3-8 
深度 含水量 單位重 單壓強度 破壞應變

Wn γt σc εf

(m) (%) (t/m3) (kg/cm2) (%)

RUC-1 DH96-01 S-1 9.75-9.90 3.2 2.28 20.7 0.6

RUC-2 DH96-01 S-2 13.80-14.00 7.5 2.36 19.2 2.2

RUC-3 DH96-01 S-3 19.05-19.20 7 2.24 3.9 1.5

RUC-4 DH96-02 S-4 9.65-9.90 7 2.34 35.1 1.9

RUC-5 DH96-02 S-5 16.20-16.50 3.8 2.41 66 1

RUC-6 DH96-02 S-6 19.20-19.35 3.9 2.22 7.5 1

RUC-7 DH96-03 S-7 11.15-11.30 3.5 2.44 77.8 1.6

RUC-8 DH96-03 S-8 16.25-16.40 7.5 2.18 21.3 1.4

RUC-9 DH96-04 S-9 6.25-6.40 3.3 2.38 113.4 1.3

RUC-10 DH96-04 S-10 15.10-15.25 3.6 2.19 16.8 0.5

RUC-11 DH96-05 S-11 15.80-16.00 5.4 2.5 67.6 2.6

岩性試驗編號 孔號 樣號 破壞模式
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3.9~113.4 

/ (ISRM 1981)

(  3-9) 250 /

 3-9 
(kg/cm2)

(Extremely Weak Rock) R0 2.5~10
(Very Weak Rock) R1 10~50 

(Weak Rock) R2 50~250 
(Medium Strong Rock) R3 250~500 

(Strong Rock) R4 500~1000 
(Very Strong Rock) R5 1000~25000 

(Extremely Strong Rock) R6 25000

2D

1D

2D

(

)

1D 2D
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 3-3

5  3-5

LD-1 LD-2 LN LC LS 1005

LD-1 LD-2 LD-1

LD-2 LD-1

LN LC LS 3

2D 4 940

ELD ELN-E ELN-W ELC

 3-6 ELD

 3-6b

 3-6a

ELN-E ELN-W ELC 3 ELN-W

1D 12 2400 VES-

01~VES-12 12  3-6

VES-01 VES-12

VES-01 VES-02

DW-96-12 DW-96-10 10
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 3-5 

 3-6 



 3-23

 3-7  1D
( )

1

(Snell’s Law)

 3-8
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 3-8 
2

(  3-9)

(1)

(2)

OYO

Geospace (  3-9 )

14 Hz

7
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(3)

Geometrics StrataVisor NZ (

3-9)

24

Geode 240

20~16000 sec 256 sec

OYO Geospace

12

7.5 9.6

92

184

 3-9 
3

(1)
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(2)

1/3 1/2

(3)

24 24

5 (  3-10 )

1

+0 5

24 24

24

115

(4)
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(  3-10 )

1/3 1/2

1 40 1 2

6 7 12 13

18 19 23 24

24 40

-40 +2.5 +27.5 +57.5 +87.5

+112.5 +155 195

 3-10 
4

(1)

P S

P ( ) P
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 3-11

(Phatoming)

 3-11 

(2)

General

Reciprocal Method

Traveltime Tomography

 3-12

cell Ray tracing

 3-13

Optim SeisOpt pro 1.0



 3-29

 3-12 

 3-13 
5

 3-6  3-10

LD-1 LD-2 LN LC LS LD-1 LD-2

LN LC LS

14Hz 5

LD-1

 3-14c 55

240



 3-30

 3-14a b c d

55 55

200

100

LD-2

 3-14c 35

117

 3-14e g

LD-

2 LD-1 LD-1 85 LD-2 50

(  3-14f )

 3-10 
TWD67

(m) 
E(m) N(m) 
223222 2655000LD-1 240 ( )
223404 2655144 
223262 2655115 LD-2 117 ( )
223315 2655016 
220644 2656253LN 290 
220877 2656254 
220593 2655779LC 200 
220665 2655619 
220556 2654910

LS 158 
220689 2654985 



 3-31

 3-14 LD-1 LD-2

LN (  3-6

)  3-15a

290

 3-15a b

1 1.5

 3-15c d

LC

(  3-6 )

21

200



 3-32

 3-15e f g h 75

3 2 1.5

LS (  3-6 )

 3-6b 70

158

 3-15i j k l

(  3-15k )
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 3-15 LN LC LS
6

 3-16  3-21 LD-1(  3-16

) 240

17 LD-2  3-17 117

20 LN  3-19

290

39 LC  3-20 200

34 LS  3-21

158
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17 1005

tomography

10-5 LN

(>300 / )

0-5000 /

0-3000 /

LD-1 LD-2 LD-1

LD-2

 3-16

LD-1

6 700

1000 / ( ) 8

1500 / ( )

1500 /

8~10 LD-1

30 (<5 )

LD-2  3-17

(  3-18) 1000 /

( )

10 30 50

(<7 ) 700 / ( )
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LD-2
DH-96-01

DH-96-02

LD-2
DH-96-01

DH-96-02

 3-16 LD-1 P

LD-1

DH-96-02( )

 3-17 LD-2 P

N55 E
LD-1

LD-2

N55 EN55 E
LD-1

LD-2

 3-18 3D

DH-96-02
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LN LC LS

LN LC LS

 3-19 LN

( 5

1700 /

800 / )

LC  3-20

LN LC

LN LC

( 9 1500

/ )

LS  3-21

9 ( 1500 /

)

(>10 )
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DH-96-06 DH-96-05DH-96-06 DH-96-05

 3-19 LN P

 3-20 LC P

 3-21 LS P
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( )2D

1

2D (electrical

resistivity tomography, ERT)

 3-22

C1 C2 P1 P2

apparent resistivity

Pseudo-

Section

 3-22

 3-11

Wenner Wenner-

Schlumberger Pole-

Pole

( 10 )
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(a)Wenner 

(b)Wenner-Schlumberger 

(c)Dipole-Dipole

(d)Pole-Dipole

(e)Pole-Pole
 3-22 

 3-11 

Wenner 3 1/2 a
Dipole-Dipole 4 1/n3

Wenner-
Schlumberger 3 1/n2

Pole-Dipole 2 1/n2

Pole-Pole 1 1/2 a
’1’ ’2’

        (Z) (X)

2

Wenner (

C2( ) P2( )C1 P1
a

C2( ) P2C1 P1
na a

C2 P2C1 P1
a na a

C1 C2P1 P2

na a na

C1 C2P1 P2
a a a
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3-23 ) ( =a) 1 4

C1 C2 2 3

P1 P2 1

4

1

( =na)

(pseudo-section)

RES2DINV ver.3.54z,

3

ELN-E ELN-W

ELN-E ELN-W

190 ELC

 3-5a 2D

5 48

235 2D 940

 3-12
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 3-23 

 3-12 
ELD ELC ELN-E ELN-W 

(m) 5 5 5 5 
48 48 48 48 
235 235 235 235 

Wenner
Wenner-

Schlumberger 

Wenner Pole-
Pole Pole-

DiPole

Wenner Pole-
Pole Pole-Pole

 (223222, 2655000) (220593, 2655779) (220644, 2656253) (220456, 2656210)
 (223394, 2655144) (220697, 2655569) (220877, 2656254) (220691, 2656238)TWD67

(m) N/A
(220413, 2655994)
(220689, 2655218)
(220712, 2655593)

(221252, 2656169) 
(220324, 2656291) 

(220158, 2656314)
(220127, 2656215)

ELD  3-24a b c

55

55

200 100

ELN  3-24e

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 mm-1
C1 P1 P2 C2

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 mm -1
C 1

na
P1

na
P2

na
C 2

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 mm-1C1 P1 P2 C2
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1 1.5

ELC  3-24f g

75

3 2

1.5

 3-24 
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4

(1)

ELD  3-25  3-26

 3-25 Wenner

36  3-26 Wenner-

Schlumberger 42

300~900( -

)

4~6

50~200( - )

 3-26 7~10

10

20

(2)

ELN-E  3-27  3-28

 3-27 Wenner

37  3-28 Pole-Pole

78  3-27

10 300~900( - )

8~10

 3-28 30
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40 100

(  3-28

) 300~900( - )

ELN-W Pole-Pole

80 0

150 10

400~800( - ) 8~10

150-235 10

80~200( - ) ELN-E

120-140

921 ( 3-

2)

20~30

50

100~300 ( - )

921

ELC  3-30  3-31  3-32

 3-30 Wenner 35

3-31 pole-dipole 60  3-32

pole-pole 90  3-30

10 70

10~100( - ) 70
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 3-31  3-32

200~500( - )

LD-2測線通過處

N55 E

DH-96-01
DH-96-02

LD-2測線通過處

N55 EN55 E

DH-96-01
DH-96-02

 3-25 ELD (Wenner) 

LD-2測線通過處

N55 E

DH-96-01
DH-96-02

LD-2測線通過處

N55 EN55 E

DH-96-01
DH-96-02

 3-26 ELD (Wenner-Schlumberger)
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E

DH-96-06 DH-96-05

<90ohm.mEE

DH-96-06 DH-96-05

<90ohm.m

 3-27 ELN-E (Wenner) 

E

DH-96-06 DH-96-05

<90ohm.m>90ohm.m
EE

DH-96-06 DH-96-05

<90ohm.m>90ohm.m

 3-28 ELN-E (Pole-Pole) 

垃圾場前地表隆起處

N83 E >90ohm.m

<90ohm.m

<90ohm.m

<90ohm.m

>90ohm.m

垃圾場前地表隆起處

N83 EN83 E >90ohm.m

<90ohm.m

<90ohm.m

<90ohm.m

>90ohm.m

 3-29 ELN-W (Pole-Pole)



3-47

<90ohm.m
>90ohm.m

S27 E
<90ohm.m

>90ohm.m

S27 ES27 E

 3-30 ELC (Wenner) 

<90ohm.m
>90ohm.m

S27 E
<90ohm.m

>90ohm.m

S27 ES27 E

 3-31 ELC (Pole-Dipole) 

<90ohm.m>90ohm.m

S27 E

<90ohm.m>90ohm.m

S27 ES27 E

 3-32 ELC (Pole-Pole) 
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( )1D

1D

Vertical Electrical Sounding Lateral Electrical 

Profiling

Wenner array

Wenner-Schlumberger array

C1 C2 P1

P2

1

12 1D VES-01 VES-12

VES-01

VES-02 DW-96-12 DW-96-10

10

Schlumberger 200

50

3-13

VES-01-VES-04 VES-07

 3-33a~d

VES-05 VES-06 VES-08 VES-12

 3-33e~f VES-09

VES-06 VES-



 3-49

07

Schlumberger

 3-13 1D
TWD67

E(m) N(m)
ELV(m) 

VES-01 220941 2656219 114.430 
VES-02 221778 2655539 123.185 
VES-03 221927 2655420 124.923 
VES-04 222263 2655437 127.920 
VES-05 220965 2655351 119.028 
VES-06 221768 2655241 126.473 
VES-07 221508 2655230 123.834 
VES-08 220686 2655379 115.145 
VES-09 220477 2655449 112.498 
VES-10 220489 2655404 113.341 
VES-11 220547 2655202 114.979 
VES-12 220078 2655512 110.699 

 3-33 1D



 3-50

2

VES-01 VES-12  3-34

 3-45 Schlumberge

IPI2Win v.2.1

50

30

30  3-34

 3-35

DW-96-12 DW-96-10

1D

(1)VES-01

VES-01  3-34

3

260( - ) 70( - ) DW-96-12

1D
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(2)VES-02

VES-02  3-35

5.5

400( - ) 110( - ) DW-

96-10

1D

(3)VES-03

VES-03  3-36

5

700( - ) 30( - )

1 1 (

80( - )) VES-01 VES-02

(

<200( - ))

0.9 4.7

1

4.7
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(4)VES-04

VES-04  3-37

3

1280( - ) 100( - )

7

2.7 7.4

(5)VES-05

VES-05  3-38

300( - )

2 60( - )

5

0.5

2

0.5

2.4

5.2
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 3-34 VES-01

 3-35 VES-02

 3-36 VES-03

 3-37 VES-04

(ohm-m) (ohm-m) 

(ohm-m) (ohm-m) 
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(6)VES-06

VES-06  3-39

500( - )

0.5 90( - )

5 50( - )

0.5

5

0.5

5.2

(7)VES-07

VES-07  3-40

150( - )

1 130( - )

2.5 80( - ) 5

230( - ) 11

120( - ) 1

2.6

4.7

230( - )

VES-01 VES-02
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(8)VES-08

VES-08  3-41

700( - )

4.5 80( - )

10 20( - )

4.5

(9)VES-09

VES-09  3-42

560( - )

2 420( - )

4 30( - ) 10

2 440( -

)

4

30( - )

4 10
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10 2 3

(10)VES-10

VES-10  3-43

120( - )

1 60( - )

4 50( - ) 9

15 20( -

) 1

8.6

VES-

01 VES-02

8.6

2 3
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 3-38 VES-05

 3-39 VES-06

 3-40 VES-07

 3-41 VES-08

(ohm-m) (ohm-m) 

(ohm-m) (ohm-m) 



 3-58

(11)VES-11

VES-11  3-44

1 390( - )

11 40( - )

10.9

10.9

104.1 DH-96-04

109.7

VES-11

1D

(12)VES-12

VES-12  3-45

1 560( -

) 3.5 640( - )

7 40( - )
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7.4

7.4 103.7

DH-96-04

109.7

VES-12

10

1D
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 3-42 VES-09

 3-43 VES-10

 3-44 VES-11

 3-45 VES-12

(ohm-m) (ohm-m) 

(ohm-m) (ohm-m) 
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( )

1

ELD LD-1

1500 /

7~10

LD-2

ELD 140

LD-1

2

LN LC

ELN-E

ELN-W ELC pole-pole

ELN-E 100

40 20

ELC 90

ELN-W 140
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921

ELN-E ELC pole-pole (  3-28

 3-32) ELN-E

ELC

ELN-E ( 85

) normal ELC

( 37 )

20 12.35 ELN-E 0~80

25 ELC

5.5

3

1D

3-14
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 3-14 1D
VES-01 VES-02 VES-03 VES-04 VES-05 VES-06

( ) 111.2 118.2 120.2 125.2 116.6 121.3 

( ) 106.8* 116.3* --- 120.5 113.8 --- 

VES-07 VES-08 VES-09 VES-10 VES-11 VES-12

( ) 121.2 110.6 108.5 112.3 --- --- 

( ) 119.1** --- 102.5** 104.7** --- --- 

* ** ---

1/5,000

 2-2

(  2-2

) Kringing

(  3-46)

 3-47

100~124

124

113 ( ) ( )

( )

6~10 ( )

3~4
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3-46

3-47
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4

2 2 2

( )

4

3 1 2 2 2

GPS

 3-3

 3-15  3-5  3-8 DT-96-03
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 3-15 
TWD67

E(m) N(m) (m) 
DT-96-01 220724.0 2656229.2 132.8
DT-96-02 222766.2 2654969.8 126.0
DT-96-03 222031.4 2655326.6 118.7 
DT-96-04 221453.5 2655811.3 111.7 

( )

4

ASTM C136

4 4

( ) 3"

1.5" 3/4" 1/2" 3/8" #4

3"

3"~6" 6"~12" 12" 4

#4 (

#4 ) ( #4 )

#4 #4

ASTM D421 ASTM D422

#4 #10 #20 #40 #60 #100 #200

( )

 3-48  3-51 Cu 4.0

Cd 1~3 GW( )
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 3-5  3-6 

 3-7  3-8 
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( )

 3-16  3-19

1

8 CNS 

488 2  3-16

8 2.64 2.65

( ) 2.67 2.70 2.72 2.75

1.0

 3-16 

( ) (%)
DT-96-01-1 2.65 2.68 2.73 1.10
DT-96-01-2 2.66 2.69 2.74 1.10
DT-96-02-1 2.67 2.70 2.75 1.10
DT-96-02-2 2.64 2.67 2.72 1.10
DT-96-03-1 2.66 2.69 2.74 1.10
DT-96-03-2 2.66 2.69 2.74 1.10
DT-96-04-1 2.67 2.70 2.75 1.10
DT-96-04-2 2.64 2.67 2.72 1.10

DT-96-01

DT-96-02

DT-96-03

DT-96-04

2

4 CNS 

11319 1 5

 3-17 4

1000 / 2000

/



 3-70

 3-17 

(kg/cm2) (kg/cm2) (kg/cm2)
DT-96-01-1 1,910
DT-96-01-2 1,772
DT-96-01-3 1,607
DT-96-01-4 1,852
DT-96-01-5 1,998
DT-96-02-1 1,855
DT-96-02-2 1,846
DT-96-02-3 2,038
DT-96-02-4 1,942
DT-96-02-5 2,175
DT-96-03-1 1,112
DT-96-03-2 1,207
DT-96-03-3 1,089
DT-96-03-4 1,309
DT-96-03-5 1,243
DT-96-04-1 1,802
DT-96-04-2 1,913
DT-96-04-3 1,664
DT-96-04-4 1,892
DT-96-04-5 1,705

148.47

137.86

91.55

110.28

1,828

1,971

1,192

1,795

DT-96-01

DT-96-02

DT-96-03

DT-96-04

3

CNS 490 4

2 500

(abrasive charge)

711 5

508 5

1/100

 3-18 4 14%~16.4%

40%



 3-71

 3-18 
(500 )

(%)
DT-96-01-1
DT-96-01-2
DT-96-02-1
DT-96-02-2
DT-96-03-1
DT-96-03-2
DT-96-04-1
DT-96-04-2

DT-96-01

DT-96-02

DT-96-03

DT-96-04

16.4

14.6

14.0

15.8

4 ( )

CNS 1167 4

5

 3-19 2.2~2.6%

12% ( )

NIEA S410 4

 3-19 

(%)
DT-96-01 2.2
DT-96-02 2.3
DT-96-03 2.4
DT-96-04 2.6



 3-72

( )

1

1988

a 12

b 40

c 2.5

d 3.0%

e 500 /

f

5 1

2 5 3

 3-20
 3-20 

2.64~2.67 >2.5 
1.10% <3.0% 

1,192~1,971 kg/cm2 >500kg/cm2

14.0~16.4% <40% 
2.2~2.6% <12% 



 3-73

2

(1) (  3-3) 

0.5

(

3-46) 124 105

(  3-47)

6~10

( ) 117 100

3~4

8

(2)

110 135 1/120

115 

135 1/100

110 115 1/200

2 1



 3-74

1

2 3

(3)

DT-96-01 DT-96-02~04

( )~( )

#4 (4.75mm)

( ) ( )  3-21

946

 3-21 ( )

11.9 15.6 35.9 36.6 40.9
(m) 6.6 7.6 7.5 8.0 6.3

(m) 0.5 0.5 0.5 0.5 0.5
(%) 32 21 22 22 24
(%) 68 79 78 78 76

23.23 23.26 55.29 60.39 56.93
49.36 87.50 196.01 214.11 180.29

DT-96-01 DT-96-02 DT-96-03 DT-96-03 DT-96-04
219.10
727.27
946.37
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( )

(

1-1)

(

 3-52  3-53)

95

(  3-9)

4 1

 3-52 (ss/sh-ss)

 3-9

96 DH-96-01 DH-96-02 95 DH-95-

05 8 14

N(10 -

30 E/(23 -26 E



 3-76

 3-52 

DH-95-05



 3-77

 3-53 



 3-78

 3-9 

( )

N(10 -20 )E/(15 -45 )E

(  3-54  3-56 )

DH-96-03 DH-96-06 (88

90 )

6~10 ( )

TWD67(221750,2656650)



 3-79

2D 40



3-80

 3-54 



3-81

 3-55 A-A’ B-B’



 3-82

 3-56 C-C’ D-D’



 3-83

( )

1

N(10 ~30 )E/(23 -

26 E

(  3-16  3-17

3-25  3-26) 8~10

DH-96-01 DH-96-02

DH-95-05

8 ~14

DH-96-01

DH-96-02 5 1

3

1.2~1.45 Lugeon (  3-5 )



 3-84

2

( )

( )

( )

N(10 -20 )E/(15 -45 )SE

DH-96-03 DH-96-04

DH-96-05 DH-96-06 (  3-3)

(  2-2 )

6.0 ~10.0

(  2-2  3-46)

6~10

5

0.9~1.7 Lugeon



 3-85

6~10

10

10~12 (

1-2)

(  3-57 )

( ) ( )

( ) ( ) 1~2

6

 3-57 

( )



 3-86

(3k+000~11k+500) (  3-22 )

 3-23

 3-22 3k+000~11k+500

(m) 
t

(t/m3)
E

(104t/m3) N qu
(kg/cm2)

cr/cp
(t/m2)

r/ p

(deg) 

1 0-8 GM 2.1 1.8 >50 - 4 35 

2 8-20 SH
(SHs) 2.6 - - 200 0/-*

0/100
22/-*

35/40

3 20-25 SS 2.5 - - 1,200 0/-*

150/275
24/-*

40/40
’*’

(2001 )

 3-23 -

(m) 
t

(t/m3)
E

(104t/m3) N qu
(t/m2)

c
(t/m2) (deg) 

8-14 (*1)1
6-10 (*2)

GW 2.1 1.8 >50 - 4 35 

2 - ss/sh-
ss 2.35 - - 200 0 26 

*1 *2
95

1

SPT N 50

(2001 )

: c=4 / =35

2

( )

(  3-2 )



 3-87

(  3-7  3-8  2-4  2-5)

 3-24  3-25

 3-26

 3-24 
單位重 含水量 比重 孔隙比 吸水率 單壓強度

t Wn Gs e Abs qu

(t/m3) (%) (%) (kg/cm2)

2.08~2.45 3.8~6.8 2.66~2.69 0.14~0.37 6.1~ 3.6~66.0 DH-96-01
DH-96-02

2.14~2.45 3.7~9.6 2.66~2.69 0.16~0.29 5.4~ 16.8~113.4

DH-96-03
DH-96-04
DH-96-05
DH-96-06

 3-25 
單位重 含水量 比重 孔隙比 吸水率 單壓強度

t Wn Gs e Abs qu

(t/m3) (%) (%) (kg/cm2)

2.31~2.64 1.7~10.3 2.66~2.72 0.04~0.259 - 2.85~60.5
PA-03 DB-8-1

DB-8-2
DH-96-05

2.23~2.60 1.9~7.7 2.66~2.75 0.052~0.26 5.34~ 1.1~19.5

PA-02

: (1999 2001 ) (2006 )



 3-88

 3-26 ( )

ss/sh-ss ss/sh-ss

2.31 2.38
(2.08~2.64)*12 (2.14~2.60)*17

[0.15] [0.10]
27.46 26.61

(2.85~66)*14 (1.1~113.4)*14
[20.88] [34.20]

27.25 26.25
(26.5~28)*2 (26~26.5)*2

[1.06] [0.35]
(deg)

(t/m3)

(kg/cm2)

(t/m2)
0 0

 3-24  3-25

250 / (ISRM,1981)

20 /

4 20

/

(2001 )

20 /  (  3-22

200 / )

(  2-4  3-7 )

2.35 /



 3-89

c (2001 )

DB-8-1 DB-8-2

DC-6-1 DC-6-2

(  2-6)

26 ~28.5 3k+000~11k+500

(  3-22):c= 0 /

=22 ~24 c=0 /

=26

( )

c 4 / 35

qa=0.2qu(N +1)

qa= ( / )

qu=

N =tan2(45+ /2)



 3-90

=

- (

3-23) qu=200 / =26

102.4 /

( )

(2001 )

- (

)

550 5K+495

3.5

( )

(  3-1)



 3-91

LN (  3-19)

( )

LC (

 3-20) NW( ) SE( )

LN

LC

2D ELN-E ELN-W

ELC (  3-28  3-29  3-32 )

921 (

3-58) (  3-54 )

20-40

( )

( )

200

400 2002



 3-92

( … )

(隘寮斷層)(隘寮斷層)

- - ( )

 3-58 



 4-1

 4-1

 4-1 
( ) ( )

DW-96-01 25 
DW-96-02 25 
DW-96-03 25 
DW-96-04 25 
DW-96-05 12.3 
DW-96-06 25 
DW-96-07 10.1 
DW-96-08 10.3
DW-96-09 11.3 
DW-96-10 10.3
DW-96-11 12.8 
DW-96-12 10.3 

*  8 200

202.4
DP-96-01 10 

**DP-96-05 15.5 *  1 25
25.5

DP-96-02 10.25 
DP-96-03 10.3
DP-96-04 12.3

**DP-96-06 10.3 
**DP-96-07 10.3 
**DP-96-08 10.3

*  3 60

63.75
* 2
**



 4-2

( )

( ) ( ) 1

3

( )

12 2

(DW-96-01~ DW-96-12) PVC sch40

2 6 (DP-96-01 DP-96-05) 6

2 (DP-96-02~ DP-96-04 DP-96-06~

DP-96-08)  4-2

1

(DW-96-06)

 4-1



4-3

 4-1 



 4-4

( )

( )  4-3

( )

60

4-4

(0.5 *0.5 *0.2 ) 4 (

) DW-96-06

1.5 schedule 40 1

0.5 0.5

15 50~100

5



 4-5

1

2

3

4

5

6

7

8



 4-6

 4-2 
(TWD67)

E N (m) 

DW-96-01 87 223206.297 2654947.4 25 

DW-96-02 1 222308.329 2655481.2 25 

DW-96-03 1.3 221866.212 2655224.4 25 

DW-96-04 670 221382.818 2655850.5 25 

DW-96-05 640 221234.772 2655288.9 12.3 

DW-96-06 120 220566.107 2656098.2 25 

DW-96-07 120 220693.777 2655092 10.1 

DW-96-08 900 219728.941 2655951.5 10.3 

DW-96-09 200 222712.292 2655031.3 11.3 

DW-96-10 221759.126 2655548.4 10.3 

DW-96-11 430 221052.757 2655249.6 12.8 

DW-96-12 170 220941.803 2656219.3 10.3 

*DP-96-01 
( ) 500 220725.619 2655498.9 10.0 

**DP-96-05 
( ) 1 222229 2655227 15.5 

*DP-96-02 
( ) 5 220730.048 2655497.3 10.25 

*DP-96-03 
( ) 5 220727.412 2655503.7 10.3 

*DP-96-04 
( ) 5 220729.063 2655508.6 12.3 

**DP-96-06 
( ) 5 222224 2655226 10.3 

**DP-96-07 
( ) 5 222227 2655218 10.3 

**DP-96-08 
( ) 5 222222 2655215 10.3 

* 2
**



 4-7

 4-3 
(TM67)

X Y (m) 

DW-96-01 223194 2654948 25
0~10.5m
10.5m~25m

DW-96-02 222296 2655481 25
0~6.7m 
6.7m~25m

DW-96-03 221850 2655222 25
0~8.5m 
8.5m~25m

DW-96-04 221371 2655850 25
0~5.15m
5.15m~25m

DW-96-05 221223 2655290 12.3
0~10.3m
10.3m~12.3m

DW-96-06 220549 2656151 25
0~11.1m
11.1m~25m

DW-96-07 220679 2655094 10.1
0~3.05m
3.05m~10.1m

DW-96-08 219718 2655955 10.3
0~6.5m 
6.5~10.3m

DW-96-09 222699 2655032 11.3 
0~8.9m 
8.9m~11.3m

DW-96-10 221748 2655548 10.3
0~6.85m
6.85m~10.3m

DW-96-11 221038 2655254 12.8
0~10.5m
10.5m~12.8m

DW-96-12 220929 2656217 10.3
0~7.6m 
7.6m~10.3m

DP-96-01 220715 2655505 10 
0~8m  
8m~10m

DP-96-02 220721 2655499 10.25 
0~8.3m 
8.3m~10.25m

DP-96-03 220716 2655508 10.3 
0~8.2m 
8.2m~10.3m

DP-96-04 220717 2655511 12.3 
0~10.2m

~

DP-96-05 222229 2655227 15.5 
0~7.45m
7.45 ~

DP-96-06 222224 2655226 10.3 
0~7.6m
7.6 ~

DP-96-07 222227 2655218 10.3 
0~7.5m
7.5 ~

DP-96-08 222222 2655215 10.3 
0~8.15m
8.15 ~



 4-8

 4-4 
(m) (m) (m)

DW-96-01 25 4~10 7.78 
DW-96-02 25 4~10 5.23 
DW-96-03 25 4~10 3.63 
DW-96-04 25 4~10 5.68 
DW-96-05 12.3 4~10 9.69 
DW-96-06 25 7~13 4.67 
DW-96-07 10.1 4~10 1.36
DW-96-08 10.3 4~10 2.16
DW-96-09 11.3 4~10 4.80 
DW-96-10 10.3 4~10 1.62 
DW-96-11 12.8 4~10 9.77
DW-96-12 10.3 4~10 4.65 

1 2

1

3

( )

12 2 6

6

1 3

22

 4-1

 4-5  4-5 1 DW-

96-09

1.55 DW-96-07

1.56

 4-2

 4-3 ( ) ( )

( ) ( )



 4-9

4

 4-6

107.19 DH-96-03 DH-96-04

( ) ( ) 113.69

109.68 (  4-2) DH-

96-03 DH-96-04

( 4-1) DW-96-

06 DH-96-03 DW-96-06 DH-96-04

(  4-7 ) (DH-96-03 DH-96-

04) (DW-96-06)

(8 24

10 25 )

( )

DW-96-09 DW-96-10

DW-96-08 3



4-10

 4-5 
( )

* 96 8 24 10 25
10 17 10 25



 4-11

96 9 11 10:00am 96 9 20

17:00pm 30 96 9 17 96

9 19 130

 4-8  4-4

DW-96-09

X
hKV                ( 4-1)

V= ( / )          K=

h= X=

 4-6 
( )

( ) 126 123 3 
( ) 123 115 8 
( ) 115 110 5 
( ) 119 109 10 

 4-7 

8.24 9.05 9.12 9.2 10.01 10.17
DW-96-06 107.3 107.18 107 107.56 107.05 107.04
DH-96-03 — 112.797 112.817 113.687 113.847 113.877

— 1.2E-07 1.3E-07 1.3E-07 1.5E-07 1.5E-07

9.05 9.12 9.2 10.01 10.17

DW-96-06 107.18 107 107.56 107.05 107.04
DH-96-04 109.841 109.541 109.771 109.651 109.631

8.7E-08 8.3E-08 7.2E-08 8.5E-08 8.5E-08
459m K=1.5E-5

459m K=1.5E-5



4-12

 4-2

 4-3 
96 8 24 96 10 25



 4-13

 4-4 



 4-14

 4-8 
( )

DW-96-08 DW-96-09 DW-96-10
2007/9/17 13:00 104.756 127.006 121.567
2007/9/17 14:30 104.748 126.989 121.567
2007/9/17 16:00 104.748 126.982 121.567
2007/9/17 17:30 104.751 126.978 121.567
2007/9/17 19:00 104.76 126.978 121.567
2007/9/17 20:30 104.76 126.972 121.547
2007/9/17 22:00 104.757 126.962 121.547
2007/9/17 23:30 104.749 126.949 121.547
2007/9/18 01:00 104.735 126.929 121.527
2007/9/18 02:30 104.717 126.912 121.497
2007/9/18 04:00 104.709 126.904 121.477
2007/9/18 05:30 104.705 126.89 121.497
2007/9/18 07:00 104.703 126.882 121.497
2007/9/18 08:30 104.701 126.882 121.517
2007/9/18 10:00 104.696 126.885 121.507
2007/9/18 11:30 104.691 126.886 121.497
2007/9/18 13:00 104.681 126.878 121.477
2007/9/18 14:30 104.681 126.878 121.507
2007/9/18 16:00 104.707 126.901 121.537
2007/9/18 17:30 104.735 126.932 121.567
2007/9/18 19:00 104.792 126.978 121.617
2007/9/18 20:30 104.896 127.046 121.667
2007/9/18 22:00 104.984 127.129 121.717
2007/9/18 23:30 105.044 127.23 121.737
2007/9/19 01:00 105.069 127.349 121.757
2007/9/19 02:30 105.068 127.458 121.757
2007/9/19 04:00 105.075 127.569 121.757
2007/9/19 05:30 105.077 127.67 121.787
2007/9/19 07:00 105.079 127.765 121.787
2007/9/19 08:30 105.077 127.837 121.757
2007/9/19 10:00 105.077 127.91 121.757
2007/9/19 11:30 105.065 127.972 121.757
2007/9/19 13:00 105.055 128.018 121.757
2007/9/19 14:30 105.041 128.062 121.737
2007/9/19 16:00 105.028 128.102 121.727
2007/9/19 17:30 105.013 128.146 121.737
2007/9/19 19:00 104.997 128.19 121.737
2007/9/19 20:30 104.995 128.233 121.737
2007/9/19 22:00 104.985 128.269 121.737
2007/9/19 23:30 104.972 128.296 121.737
2007/9/20 01:00 104.951 128.309 121.727
2007/9/20 02:30 104.933 128.33 121.717
2007/9/20 04:00 104.917 128.348 121.717
2007/9/20 05:30 104.905 128.369 121.717



 4-15

( )

-

( )

2 6 (DP-96-01 (DP-96-05)

6 2 (DP-96-02~DP-96-04

DP-96-06~DP-96-08) 2

 4-5  4-6

 4-9

(1)5HP 3”PVC

(2)

(3)3”

(4)10HP

(5) Sensor 4

(6)

(7)



 4-16

 4-5 DP-96-01

 4-6 DP-96-05

5m5m

5m

N

5m

5m

5m
N



 4-17

 4-9 

*

( )

 4-7

96 10 16

8.2

0.416 /

(25 / )

45 /

180 / 180 /

1 4 0.17

/ (10 / ) 0.25 / (15

/ ) 0.33 / (20 / ) 0.416

/ (25 / )



 4-18

60

90 100 120

DP-96-01

3.78 14:00

15:00 16:30 18:10 10

1~4

0.95 1.47 2.03 3.055

0.33

/ (20 / )( )

72

DP-96-01

3.78 DP-96-02 DP-96-03 DP-96-04

3.90 3.96 3.91 72



4-19

 4-7 



4-20

( )

r
s

T
S

r
s

rr
s 1
2

2

……………… ( 5-2)

)(
4

uW
T

Qs ………………… ( 5-3)

Tt
Sru

4

2

……………………… ( 5-4)

y
dyeuW

y

u
)(

Jacob (t) r

u 0.01 Thesi ((5-3) )
)ln5772.0(

4
u

T
Qs ……………( 5-5)



4-21

Sr
T

T
Qs 2

25.2log
4

3.2 ……………… ( 5-6)

1

2log
4

3.2
t
t

s
T

2
025.2

r
Tt

S

12 sss 11 : ts

22 : ts

0t

Jacob

( )

1 T=Kh r t

T=KM r t

2



4-22

3

Theis

s 0.1m m

)(2/2' Jacobmsss

( )

1

DP-96-01 DP-96-02~ DP-96-04

0.17 / (10 / ) 0.25 /

(15 / ) 0.33 / (20 / )

0.416 / (25 / ) 4



4-23

-  4-8 DP-96-

01

0.333 / (20 /

)

5)

0.0903 /

 4-8 -

2

DP-96-01 4

20 / 72

-

 4-9  4-10 Cooper-Jacob

 4-10



4-24

Cooper-Jacob Time-Distance-Drawdown method

 4-11  4-14

 4-10 (Cooper-Jacob) 
Cooper-Jacob Unconfined 4.22m

T (m2/min) K (cm/sec) S 
DP-96-01 1.07 0.297222 ------- 
DP-96-02 3.247 0.901944 0.0188 
DP-96-03 3.844 1.067778 0.1691 
DP-96-04 2.875 0.798611 0.1524 

 4-9 



4-25

 4-10 

 4-11 Cooper-Jacob Time-Distance-Drawdown method
DP-96-01



4-26

 4-12 Cooper-Jacob Time-Distance-Drawdown method
DP-96-02

 4-13 Cooper-Jacob Time-Distance-Drawdown method



4-27

 4-14 Cooper-Jacob Time-Distance-Drawdown method
DP-96-04

( ) ( )

( ) ( )

3 10

( ) (DW-96-06)

107.19 DH-96-03 DH-96-04

113.69 109.68

DH-96-03

DH-96-04



1 2006 " -

-

"

2 1999

3 2001

4

2002

5 1989

6 -

http://cgsweb.moeacgs.gov.tw/result/Fault/web/index-1.htm

7 -

http://140.115.123.30/act/

8

http://61.63.7.135/imoeagis/about/index.htm

9

10





1-1

-

1
p.XXV

p.XXVII

2. 1-2 …
1-2(p.1-4)

3. 4-2 4-2(p.4-12)

4.

(p.3-20)

5.

(
) (DW-96-06)

107.19 DH-96-03
DH-96-04 113.69
109.68

(DH-96-03 DH-96-04)
(DW-96-06)

(p.4-9 p.4-12)



1-2

-

1

2 p.XXV

3

(p.4-22)

4
BE-6-2
88 3 5

1

( )
(DW-96-06) 107.19

DH-96-03 DH-96-04
113.69 109.68

(DW-96-06)
(DH-96-03 DH-96-04)

(p.4-9
p.4-12)

2
2-10 2-10 (p.2-23) 2-12

2-10
( 88 )



1-3

88 2 27 5 21

3
P.5-28

(p.XXIX)

4

(1)P 6-7
9% …

(2)P 3-4
RQD

(1)
(p. 6-7)

(2) (p.
3-3)

1

(p.3-2)

2

46

(p.XXV( )
)

3
(p.XXIX)

4

8 12
12

6~12

(p.3-85)

5

(p.4-9)

6



1-4

1

2

( ) ( ) (p.3-91)

3
(p.3-19)

4

(p.XXVI)

1

2

(p.XXVI)

3

(p. XXVII)

1
(p.3-9 3-20) (p.4-2)

2
( 1-1

2-2 3-46 3-47 3-54 4-1
4-2)

3

(p.XXVI)



1-5

4
(p.XXVI)

5 (p.3-17 3-15) (p.3-89)

1 ( ) (p.XXIX)

2

N
E N

N 50

3
( ...

)
4 /

35

(p.3-89)

1 (p.III) (p.XXIII)
2 P. -4 6 (p.XXVII)
3 P.1-1 (p.1-1)
4 P.1-2 ( ) (p.1-1)
5

6
P.5-19 5-7 (QA
QC) (p.4-19 4-7)

7 (p.3-74)
8
9 P. -3 (p.XIV)

10
P. -9 .( ) (p.XX)

11 
P. -1 2 (p.XXV)

12 P. -2 4 (p.XXV)



1-6

13 P. -2 5 6 (p. XXV)

14
P.2-21 2-10 (p.2-23

2-12)
15 P.4-1

16
P.4-4 (p.3-12 

 3-3) (p.1-6 1-4)
17 P.4-63 3-47

3-46(p.3-64)
18 P.4-75 (p.3-74)

19
P.4-77 4-51 DH-95-05 3-52

(p.3-76)

20

P.5-8 0 / ( )
(DH-96-06) 107.19

(DH-96-03 DH-96-04)
113.69 109.68

)
(p.4-11)

21
P. 2-9 (p.

2-9)



1-7 

-

1

(1)

8~12 ( 1-2)
4-46

(2)

2

3
(p.4-91)
(p. -1 -3)

4
4-17(p.4-30)

5

6 4-5(p.4-10)

7



1-8 

1
(p.4-91)
(p. -1 p. -3)

2

96 9 11 10:00am 96
9 20 17:00pm

6
24

5-4(p.5-10)

3
8 10

4

12 6
10

5

6

7
4-53

4-54(p.4-63)

1

4-21~ 4-24

ELN

1.
4-1(p.4-4)

2.

2 5-5(p.5-7)

3 5-5(p.5-7)
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4
4-2 4-3 4-1(p.4-4)

5

6

(Fig 4-29)
(Fig5-5)

4-45 4-46 5-2
5-3

1
P.1-3 1-1 ( )

5-7(P.5-8)

2

P.4-9 4.5 Lugeon :
(1) ?
( .. . )
(2) DH-96-04
(3) RQD ?

(1) p.4-9
DH-96-01-DH-96-02

5 ..
(2) 3

DH-96-05
DH-96-06 3

DH-96-03
2

8

(3)
RQD

3
P.2-8 2-3

?

4

P.2-23 2-7 (P.4-54) 
 24hr

?

1

2
3-1 3-4

4-5

3

( )

4-2 4-54 4-55



1-10 

1

 EN ELC
ELN-W

40
ELN-E ELC

40

p.4-41 p.4-42

2
P.4-22 P.4-54

1

(1999)

921

(2001)

1.

(1999) (1999)
2. (2001)

2

:
(1)921

?
(2)

?
(3)921

?
(4)

?
(5)

( 3-2
)? 

(1)
921

(2) (
)

(
)

(3)
3-2

(4)

(5) 4-53

3

BE-5-1
; BE-7-1 BB-8-1 4-54(p.4-82)

B-B’
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1

2
(p.4-91)
(p. -1 p. -3)

3

1
1-1

2 200 400 100
100

3 (
4-46(p.4-63))

4
(p.4-91)
(p. -1 p. -3)

5
(

)

(
4-46(p.4-63))

4-21(p.4-75)
5-2(p.5-9)

6
4-47 4-50

4-21

7

1 2-1 (P.1-3)



1-12 

2 P.1-4 1-3
3 P.1-5 1-1

4

5
P.2-5 20

1-2

6
P.2-6

7 2-3 ( )
8 P.2-7 ( )

9
P.2-7... ... ( )

10 P.2-4 2-3 ? ( )
11 P.2-1 ... ( )
12 P.2-28 2-14 2-10
13 P.4-3 3. ...

14
P.4-7 4-3

15

16
P.4-25 LS

17 P.1-3 1-1 1-1

18

P.2-26 2

19
P.5-13 5-5 P.5-15 5-6 5-5

5-8

20 ( ) 4-21



1-13 

-

1
P1-3 1-1

2
6

3

1

2 1.
(

)

(SOP)
2.

3.

4.

2m



1-14 

3
P.27~28

C. 2

3

4 6
24

1.

6

2. (1)
(2)

24
P5-15 5-6 P5-16 5-6

4
P.28~30 28

100
17cm

17cm

31 2-9
20

25

1.
P5-17

2.

5 31 2-8
25

31 2-9 20
32 2-18

20
28

2-18

P5-8 5-2 P5-9 5-3

6 2-18 2-19
6.6 (

) 5
( )

1
6 0.6

6.6



1-15 

7 19

5-5

1
P1-1

2 p.20

P4-53
3

4

1 8 24 9 20
10

2 2D 1D 1.2D
1D

2. 2D

2D
1D

3

2m
P5-1

4
1

4
15~35
0~1

5

6



1-16 

1
P2-4 2-1

2
P2-18 2-11 

3 1D

P5-14 5-5
4

2m

P5-1 P5-17
5



( )



A



2-1

20
DH-96-01 (0m~7.65m) Wireline Coring

06

07

08

09

10

11 

12

13

14

15

16

17

18

19

20

0~20



2-2

20
DH-96-02 (0m~8.00m) Wireline Coring

06

07

08

09

10

11 

12

13

14

15

16

17

18

19

20

0~20



2-3

20
DH-96-03 Wireline Coring

01

02

03

04

05

06

07

08

09

10

11 

12

13

14

15

16

17

18

19

20

0~20
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20
DH-96-04 Wireline Coring

01

02

03

04

05

06

07

08

09

10

11 

12

13

14

15

16

17

18

19

20

0~20
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20
DH-96-05 Wireline Coring

01

02

03

04

05

06

07

08

09

10

11 

12

13

14

15

16

17

18

19

20

0~20
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20
DH-96-06 Wireline Coring

01

02

03

04

05

06

07

08

09

10

11 

12

13

14

15

16

17

18

19

20

0~20
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2-8



2-9



2-10



2-11



2-12





A



3-1

.. ..

Maurice Lugeon 

(1933) Lugeon Test

Packer Test Lugeon 10 kg cm2

46mm 76mm

10 kg cm2 (m)

(min) (l ) “Lugeon”

Lugeon 1 Lugeon

1×10-5cm sec

( )

1

A-1

76mm 5

(Packer)



3-2

0.2 kg/cm2

0.1

19 mm

2

(1)

(2)

(3)

10

2



3-3

(4)

(5) 15

(6)

3

10 cm2 Lugeon

DH-96-01 8-9

RQD 75 13-14 RQD

88 DH-96-02 13-14

RQD 98 DH-96-03

14-15 19-20

RQD 88 55 DH-96-05

17-18

RQD 97 DH-96-06 10-11 15-16

RQD 81

80 8

RQD



B



3-4

: - 96 9 2

DH-96-01 8.0m 9.0m (Lugeon):1.35
H1=0.15m P1=  P=P1+P2-P3

H2=8.50m 
)(

210

2
21

2 ssFrictionLo
Dg

LVfHHP Q=  (l/min/m) 

H3=3.20m 
10

32
3

HH
P P3=0

0 0.4 0.8 1.2 1.6 2

FLOW (Q, l/min/m)

0

2

4

6

8

10

12

PR
E

SS
U

R
E

 (P
, K

g/
cm

^2
)

Pressure increase
Pressure reduce

P1 P2 P3
Step 

kg/cm2 kg/cm2 kg/cm2

1 0 0.9 0.5 
2 2 0.9 0.5 
3 4 0.9 0.5 
4 6 0.9 0.5 
5 8 0.9 0.5 
6 10 0.9 0.5 
7 8 0.9 0.5 
8 6 0.9 0.5 
9 4 0.9 0.5 
10 2 0.9 0.5 
11 0 0.9 0.5 

P Q 

kg/cm2 l/min/m 

0.3 0.0 
2.3 0.1 
4.3 0.2 
6.3 0.4 
8.3 0.4 

10.3 1.4 
8.3 0.3 
6.3 0.4 
4.3 0.1 
2.3 0.2 
0.3 0.1 



3-5

: - 96 9 3

DH-96-01 13.0m 14.0m (Lugeon):1.2
H1=0.15m P1=  P=P1+P2-P3

H2=13.50m
)(

210

2
21

2 ssFrictionLo
Dg

LVfHHP Q=  (l/min/m) 

H3=3.30m 
10

32
3

HH
P P3=0

0 0.4 0.8 1.2 1.6 2

FLOW (Q, l/min/m)

0

2

4

6

8

10

12

PR
E

SS
U

R
E

 (P
, K

g/
cm

^2
)

Pressure increase
Pressure reduce

P1 P2 P3
Step 

kg/cm2 kg/cm2 kg/cm2

1 0 1.4 1.0 
2 2 1.4 1.0 
3 4 1.4 1.0 
4 6 1.4 1.0 
5 8 1.4 1.0 
6 10 1.4 1.0 
7 8 1.4 1.0 
8 6 1.4 1.0 
9 4 1.4 1.0 
10 2 1.4 1.0 
11 0 1.4 1.0 

P Q 

kg/cm2 l/min/m 

0.3 0.0 
2.3 0.1 
4.3 0.2 
6.3 0.5 
8.3 0.4 

10.3 1.2 
8.3 0.4 
6.3 0.4 
4.3 0.2 
2.3 0.2 
0.3 0.1 



3-6

: - 96 9 3

DH-96-02 11.0m 12.0m (Lugeon):1.45
H1=0.10m P1=  P=P1+P2-P3

H2=11.50m 
)(

210

2
21

2 ssFrictionLo
Dg

LVfHHP Q=  (l/min/m) 

H3=1.20m 
10

32
3

HH
P P3=0

0 0.4 0.8 1.2 1.6 2

FLOW (Q, l/min/m)

0

2

4

6

8

10

12

PR
E

SS
U

R
E

 (P
, K

g/
cm

^2
)

Pressure increase
Pressure reduce

P1 P2 P3
Step 

kg/cm2 kg/cm2 kg/cm2

1 0 1.2 1.0 
2 2 1.2 1.0 
3 4 1.2 1.0 
4 6 1.2 1.0 
5 8 1.2 1.0 
6 10 1.2 1.0 
7 8 1.2 1.0 
8 6 1.2 1.0 
9 4 1.2 1.0 
10 2 1.2 1.0 
11 0 1.2 1.0 

P Q 

kg/cm2 l/min/m 

0.1 0.0 
2.1 0.1 
4.1 0.3 
6.1 0.6 
8.1 0.4 

10.1 1.5 
8.1 0.3 
6.1 0.2 
4.1 0.1 
2.1 0.1 
0.1 0.1 



3-7

: - 96 9 1

DH-96-03 14.0m 15.0m (Lugeon):1.7
H1=0.2m P1=  P=P1+P2-P3

H2=14.50m
)(

210

2
21

2 ssFrictionLo
Dg

LVfHHP Q=  (l/min/m) 

H3=4.60m 
10

32
3

HH
P P3=0

0 0.4 0.8 1.2 1.6 2

FLOW (Q, l/min/m)

0

2

4

6

8

10

12

PR
E

SS
U

R
E

 (P
, K

g/
cm

^2
)

Pressure increase
Pressure reduce

P1 P2 P3
Step 

kg/cm2 kg/cm2 kg/cm2

0 0 1.5 1.0 
1 2 1.5 1.0 
2 4 1.5 1.0 
3 6 1.5 1.0 
4 8 1.5 1.0 
5 6 1.5 1.0 
6 4 1.5 1.0 
7 2 1.5 1.0 
8 0 1.5 1.0 

P Q 

kg/cm2 l/min/m 

0.5  0.0  
2.5  0.6  
4.5  0.8  
6.5  0.9  
8.5  1.6  
6.5  0.8  
4.5  0.6  
2.5  0.2  
0.5  0.1  



3-8

: - 96 9 1

DH-96-03 19.0m 20.0m (Lugeon):1.2
H1=0.20m P1=  P=P1+P2-P3

H2=19.50m
)(

210

2
21

2 ssFrictionLo
Dg

LVfHHP Q=  (l/min/m) 

H3=4.50m 
10

32
3

HH
P P3=0

0 0.4 0.8 1.2 1.6

FLOW (Q, l/min/m)

0

2

4

6

8

10

12

PR
E

SS
U

R
E

 (P
, K

g/
cm

^2
)

Pressure increase
Pressure reduce

P1 P2 P3
Step 

kg/cm2 kg/cm2 kg/cm2

0 0 2.0 1.5 
1 2 2.0 1.5 
2 4.5 2.0 1.5 
3 7 2.0 1.5 
4 9 2.0 1.5 
5 7 2.0 1.5 
6 4.5 2.0 1.5 
7 2 2.0 1.5 
8 0 2.0 1.5 

P Q 

kg/cm2 l/min/m 

0.5  0.0  
2.5  0.3  
5.0  0.4  
7.5  0.8  
9.5  1.4  
7.5  0.6  
5.0  0.2  
2.5  0.1  
0.5  0.1  
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: - 96 9 6

DH-96-05 17.0m 18.0m (Lugeon):1.2
H1=0.10m P1=  P=P1+P2-P3

H2=17.50m
)(

210

2
21

2 ssFrictionLo
Dg

LVfHHP Q=  (l/min/m) 

H3=4.60m 
10

32
3

HH
P P3=0

0 0.4 0.8 1.2 1.6

FLOW (Q, l/min/m)

0

2

4

6

8

10

12

PR
E

SS
U

R
E

 (P
, K

g/
cm

^2
)

Pressure increase
Pressure reduce

P1 P2 P3
Step 

kg/cm2 kg/cm2 kg/cm2

0 0 1.8 1.3 
1 2 1.8 1.3 
2 4.5 1.8 1.3 
3 7 1.8 1.3 
4 9 1.8 1.3 
5 7 1.8 1.3 
6 4.5 1.8 1.3 
7 2 1.8 1.3 
8 0 1.8 1.3 

P Q 

kg/cm2 l/min/m 

0.5  0.0  
2.5  0.2  
5.0  0.6  
7.5  0.8  
9.5  1.4  
7.5  0.4  
5.0  0.5  
2.5  0.4  
0.5  0.0  



3-10

: - 96 9 5

DH-96-06 10.0m 11.0m (Lugeon):1.3
H1=0.15m P1=  P=P1+P2-P3

H2=10.50m
)(

210

2
21

2 ssFrictionLo
Dg

LVfHHP Q=  (l/min/m) 

H3=4.20m 
10

32
3

HH
P P3=0

0 0.4 0.8 1.2 1.6 2

FLOW (Q, l/min/m)

0

2

4

6

8

10

12

PR
E

SS
U

R
E

 (P
, K

g/
cm

^2
)

Pressure increase
Pressure reduce

P1 P2 P3
Step 

kg/cm2 kg/cm2 kg/cm2

0 0 1.1 0.6 
1 2 1.1 0.6 
2 4 1.1 0.6 
3 6 1.1 0.6 
4 8 1.1 0.6 
5 6 1.1 0.6 
6 4 1.1 0.6 
7 2 1.1 0.6 
8 0 1.1 0.6 

P Q 

kg/cm2 l/min/m 

0.4  0.0  
2.4  0.1  
4.4  0.2  
6.4  0.8  
8.4  1.4  
6.4  0.4  
4.4  0.3  
2.4  0.1  
0.4  0.1  



3-11

: - 96 9 6

DH-96-06 15.0m 16.0m (Lugeon):0.9
H1=0.15m P1=  P=P1+P2-P3

H2=15.50m
)(

210

2
21

2 ssFrictionLo
Dg

LVfHHP Q=  (l/min/m) 

H3=4.40m 
10

32
3

HH
P P3=0

0 0.4 0.8 1.2

FLOW (Q, l/min/m)

0

2

4

6

8

10

12

PR
E

SS
U

R
E

 (P
, K

g/
cm

^2
)

Pressure increase
Pressure reduce

P1 P2 P3
Step 

kg/cm2 kg/cm2 kg/cm2

0 0 1.6 1.1 
1 2 1.6 1.1 
2 4.5 1.6 1.1 
3 7 1.6 1.1 
4 9 1.6 1.1 
5 7 1.6 1.1 
6 4.5 1.6 1.1 
7 2 1.6 1.1 
8 0 1.6 1.1 

P Q 

kg/cm2 l/min/m 

0.5  0.0  
2.5  0.1  
5.0  0.5  
7.5  0.7  
9.5  1.0  
7.5  0.4  
5.0  0.3  
2.5  0.2  
0.5  0.0  





A



-1

(m) 
t

(t/m3)
Wn

(%)
Gs e Abs

(%)

RPP-1 DH96-01 S-1 9.70-9.75 2.18  3.9  2.66  0.27  6.1  

RPP-2 DH96-01 S-2 13.75-13.80 2.33  6.1  2.66  0.21  

RPP-3 DH96-01 S-3 19.00-19.05 2.08  6.8  2.67  0.37  

RPP-4 DH96-02 S-4 9.60-9.65 2.19  5.9  2.68  0.30  

RPP-5 DH96-02 S-5 16.15-16.20 2.45  4.2  2.67  0.14  

RPP-6 DH96-02 S-6 19.15-19.20 2.17  3.8  2.69  0.28  

RPP-7 DH96-03 S-7 11.10-11.15 2.40  3.8  2.69  0.17  

RPP-8 DH96-03 S-8 16.20-16.25 2.29  9.6  2.66  0.28  

RPP-9 DH96-04 S-9 6.20-6.25 2.29  4.0  2.69  0.22  5.6  

RPP-10 DH96-04 S-10 15.05-15.10 2.14  3.7  2.66  0.29  5.4  

RPP-11 DH96-05 S-11 15.75-15.80 2.45  6.0  2.69  0.16  



B



4-2

(m) 
Wn

(%)
t

(t/m3)
c

(kg/cm2)
f

(%)

RUC-1 DH96-01 S-1 9.75-9.90 3.2 2.28 20.7 0.6 

RUC-2 DH96-01 S-2 13.80-14.00 7.5 2.36 19.2 2.2 

RUC-3 DH96-01 S-3 19.05-19.20 7.0 2.24 3.9 1.5 

RUC-4 DH96-02 S-4 9.65-9.90 7.0 2.34 35.1 1.9 

RUC-5 DH96-02 S-5 16.20-16.50 3.8 2.41 66.0 1.0 

RUC-6 DH96-02 S-6 19.20-19.35 3.9 2.22 7.5 1.0 

RUC-7 DH96-03 S-7 11.15-11.30 3.5 2.44 77.8 1.6 

RUC-8 DH96-03 S-8 16.25-16.40 7.5 2.18 21.3 1.4 

RUC-9 DH96-04 S-9 6.25-6.40 3.3 2.38 113.4 1.3 

RUC-10 DH96-04 S-10 15.10-15.25 3.6 2.19 16.8 0.5 

RUC-11 DH96-05 S-11 15.80-16.00 5.4 2.50 67.6 2.6 



4-3



4-4



4-5



4-6



4-7



4-8



 1D



5-1

5- 1 VES-01

5- 2 VES-02



5-2

5- 3 VES-03

5- 4 VES-04



5-3

5- 5 VES-05

5- 6 VES-06



5-4

5- 7 VES-07

5- 8 VES-08



5-5

5- 9 VES-09

5- 10 VES-10



5-6

5- 11 VES-11

5- 12 VES-12





A



6-1 

     DT-96-01      DT-96-01 

     DT-96-01      DT-96-01 

1.0

2.0

25



6-2 

20~30 , 50%

     DT-96-02      DT-96-02

     DT-96-02      DT-96-02

1.0

2.0



6-3 

35 , 50%

     DT-96-03      DT-96-03 

     DT-96-03      DT-96-03 

1.0

2.0



6-4 

DT-96-04 DT-96-04 

DT-96-04 DT-96-04 

1.0

2.0

15 , 30%



B



6-5

1

CNS488

(1) 110±5 1 3

( 50 ) 24±4

(2)

(3)

23±1.7 0.997±0.002 /

(4) 110±5 1 3

( 50 )

A

23

= CB
A

A ( )

B ( )

C ( )

B ( )

23

= CB
B

C

23

= CA
A



6-6

D

(%)= 100A
AB

2

CNS 11319

(1) (L/D) 1.0

50mm

(2) 22±2 48

(3)

(4) 30

(5) 7kgf/cm2/s

(6)

3

4

CNS3408

(abrasive charge)

711±5mm 508±5mm



6-7

1/100

(1) (abrasive charge)

30 33 38mm 500

19mm 1000

(2) 1.7mm(No.12 US)

105

(3)

4

( )

CNS1167

(1) ( ) 16

18 13mm

21±1

(2) 15±5 110±5

(1)

(3)

( )

(4) ( ) 110±5

5 ( )

NIEA S410



6-8

pH

(1)  20 g  50 mL 

 20 mL 

 5 

(2)  1 

 pH 

1988

a 12

b 40

c 2.5

d 3.0%

e 500 /

f

5 1 2

5 3



C



6-9 

DT-96-01 DT-96-02 DT-96-03 DT-96-04

0-2m 0-2m 0-2m 0-2m

1 2 3 4
DIAMETER PASSING 1 PASSING 2 PASSING 3 PASSING 4

15" 381.000 100.0 100.0 100.0 100.0

12" 305.000 91.6 88.6 89.6 92.1

6" 150.000 84.9 81.4 82.5 84.9

3" 75.000 70.7 66.4 67.5 69.9

1 1/2" 37.500 56.4 49.3 50.4 52.8

3/4" 19.000 41.2 33.7 34.8 37.3

1/2" 12.500 37.5 29.3 30.4 32.9
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